Risk factors for the development of carpal tunnel syndrome in women were studied by means of a nested case-control analysis of a prospective cohort study of the health effects of oral contraception in British women. A total of 1,264 women who had a diagnosis of carpal tunnel syndrome reported by their general practitioner between 1968 and 1993 were compared with 1,264 age-matched control women who did not have this diagnosis. The syndrome was associated in older women with some hormonal factors, notably past use of oral contraception (adjusted odds ratio in women aged 40 years and over = 1.38, 95 percent confidence interval: 1.08, 1.76) and more generally with obesity (adjusted odds ratio = 1.68, 95 percent confidence interval: 1.29, 2.18). However, the strongest link was with a previous history of another musculoskeletal complaint for which consultation had been sought (adjusted odds ratio = 1.98, 95 percent confidence interval: 1.61, 2.42). Previous findings of a higher risk in women with diabetes and myxoedema were confirmed, but these contribute only a small proportion of all cases in women. There was no link with psychologic problems or nonmusculoskeletal pain complaints. The previously described increased incidence of carpal tunnel syndrome in women may be partly due to hormonal factors, but is also related to an underlying propensity to musculoskeletal problems and their higher overall frequency in women. Am J Epidemiol 2000; 151:566-74.
. Furthermore, uses of combined oral contraceptives (13, 14) , bilateral oophorectomy (15, 16) , and pregnancy (17) (18) (19) have all been reported to be associated with CTS.
So far, the few studies that have assessed risk factors for CTS in women have examined individuals referred to hospitals (14, 20) or women in particular occupational settings (3, 6 ,7) . Little is known about risk factors for CTS diagnosed in the community. We have conducted a nested case-control study of CTS diagnosed in general practice, using data collected in a prospective cohort study of the health effects of the oral contraceptive pill (the Royal College of General Practitioners' Oral Contraception Study) (21) .
MATERIALS AND METHODS
The Royal College of General Practitioners' Oral Contraception Study began May 1968 as an investigation of the health effects of combined oral contraceptives (COCs) (21) . During a 14-month period (1968) (1969) ), 1,400 general practitioners throughout the United Kingdom recruited 23,000 women who were taking COCs and a similar number who had never used these preparations. At regular intervals since recruitment, the general practitioners have supplied, for all women still under observation, information about all illnesses reported to the doctors (either
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by the women themselves or in hospital correspondence) and about pregnancies, surgery, and use of hormonal preparations.
Specific diagnostic criteria were not supplied for any of the illnesses reported by the participating doctors. In the case of CTS, the diagnosis may have been made by the general practitioner without referral to hospital and without supporting evidence from neurophysiologic investigations. Coding and data entry of the practitioners' diagnoses were, however, subject to extensive checking procedures to ensure accuracy and consistency, with clarification sought from the reporting general practitioners when discrepancies arose. All morbidities were coded using the International Classification of Diseases, Eighth Revision (ICD-8) (22) , and operations were coded using the Code of Surgical Operations and Procedures of the General Register Office (23). Two conditions (premenstrual tension and brachial neuralgia) that did not have specific ICD-8 codes were allocated special study codes.
Nested case-control study
All subjects for the matched nested case-control study were identified by using data that had accumulated in the main oral contraception study database by 1993. The study cases were defined as all "first ever episodes" of CTS in the cohort occurring between 1968 and 1993 (n = 1,264).
Each case was randomly matched with one control from the cohort who was born within 12 months of the case's date of birth, was still under observation in the main oral contraception study at the time of the case's first diagnosis of CTS, and had no history of CTS before this date.
Within each matched set, all characteristics were those that pertained on the date of the case's diagnosis of CTS, except social class and smoking habit, which were collected only at recruitment. All data concerning consultations prior to the onset of CTS relate to the period from 1968 to the date of the case's diagnosis of "first ever" CTS. The characteristics were examined in five groupings: Risk factor groupings: confounding, markers of consultation frequency. Nonspecific factors that increase consultation frequency may cause apparent comorbidity because frequent consulters with one problem may be more likely to consult when they have another symptom. We therefore chose two proxy measures of consultation behavior to examine this potential confounding. The first was any recorded history of consultation for respiratory symptoms (ICD-8 codes 4600-5199) as proxy for general consultation behavior. The second, any recorded history of headache (ICD-8 codes 3068 and 7910), was used as a proxy for pain-related consultation behavior.
Statistical analysis
With 1,264 matched sets, the study had 96.0 percent power to detect a 50 percent increase in risk associated with a particular characteristic, given a 5 percent prevalence of the characteristic in the control group (alpha = 0.05).
The 1,264 matched sets were analyzed by conditional logistic regression, using STATA (24) . Unadjusted odds ratios and their 95 percent confidence intervals were first obtained for the association of each characteristic with CTS. These risk estimates were then included in a multivariate model (along with the two "propensity to consult" markers) if they were significantly elevated or reduced in the crude analysis at the 5 percent level of significance to adjust for potential confounding between variables.
Certain factors, such as menopausal symptoms or current or former use of the oral contraceptive, are strongly linked with age, and, therefore, we stratified the analysis of variables included in the multivariate model by three age groups. There were 505 cases and 511 controls under age 40 years, 488 cases and 475 controls aged 40-49 years, and 271 cases and 278 controls aged 50 and over; all ages were those at the time of the first ever consultation by the case for CTS. Some case-control pairs were in different age bands, and these pairs {n = 73) were excluded from the agestratified analysis.
RESULTS

General characteristics
The mean age was 41.9 years for both cases and controls. Smoking was not associated with an altered risk of CTS (table 1) . There was an overall trend of increasing CTS risk with lower social class (chi-square for trend = 8.66, p = 0.003), with an odds ratio (OR) for CTS of 1.23 (95 percent confidence interval (CI): 1.02, 1.50) associated with semiskilled and unskilled manual grouping that persisted in the multivariate analysis (table 2).
Hormonal Influences: exogenous
CTS was associated with past use of oral contraceptives, but not with current use (table 1). The highest crude risk estimate was among women who had previously used this form of contraception for 4 years or less. Overall, this link with COC use disappeared on multivariate analysis (table 2) .
Although the number of hormone replacement therapy users in this cohort was small, the therapy was more likely to have been prescribed for CTS cases than for controls (OR = 1.39, 95 percent CI: 0.90, 2.08). Adjustment of former oral contraceptive use for subsequent hormone replacement therapy alone did not alter the risk estimates, however.
Hormonal factors: endogenous
A history of consultation for any menstrual disorder was associated with subsequent consultation for CTS When the different menstrual problems were examined separately, three were associated with significantly elevated odds ratios for subsequent consultation with CTS: amenorrhea, heavy periods, and dysmenorrhea. The strongest association was with dysmenorrhea (OR = 1.52), while the most common menstrual complaint in the study sample was heavy periods, which had a crude association with CTS of 1.38. However, on multivariate analysis (table 2), none of these factors remained significantly associated with CTS.
There was a weak, but statistically significant, overall link between parity and CTS (chi-square for trend = 6.7; p = 0.01), which persisted after adjustment in the multivariate model (table 2) . A history of menopausal symptoms was also associated with elevated risk estimates of CTS in the crude analysis (OR = 1.47), as was prior consultation for premenstrual tension (OR = 1.53), but these estimates were reduced in the multivariate model (table 2) .
Previous musculoskeletal disorders
A prior history of a consultation for a musculoskeletal problem was generally associated with an increased risk of CTS, with an overall crude OR of 2.38 (95 percent CI: 1.98, 2.87) (table 3). The crude associations with prior consultation for arm fracture, osteoarthritis, osteoarthritis of the spine, fibrositis, neck pain, tennis elbow, and brachial neuralgia were statistically significant (table 4) . There were also associations with consultation for less specific musculoskeletal problems (limb pain, joint pain, and arthritis). The numbers of women who had a record of a previous arm fracture or brachial neuralgia were relatively small, however.
In a preliminary multivariate model, the interrelation between these different prior musculoskeletal diagnoses was explored (table 4) . Arm fracture, osteoarthritis of the spine, arthritis, fibrositis, tennis elbow, limb pain, and joint pain remained independently and significantly linked with CTS.
In the final multivariate model, arm fracture, osteoarthritis of the spine, tennis elbow, and joint pain were independently and significantly associated with subsequent CTS (table 2) . The overall adjusted odds ratio for any musculoskeletal disorder was 1.98 (95 percent CI: 1.61,2.42).
Previously reported associations
Nonpsychotic psychiatric illness was associated in the crude analysis with an increased likelihood of suborn J Epidemiol Vol. 151, No. 6, 2000 (table 2) . Table 3 shows the other associations studied. Diabetes and myxoedema were both associated with elevated crude odds for CTS. However, the numbers of subjects were small, the estimates were nonsignificant, and they were not entered into the later model. In the crude analysis, CTS was associated with general gastrointestinal symptoms and with irritable bowel syndrome; this link was not evident after adjustment for confounders in the multivariate model. Numbers were small for renal failure and fluid retention, but crude estimates were consistent with an effect. By contrast, there was no link with hypertension. Finally, consultation about obesity had occurred in 19 percent of the cases and 11 percent of the controls; after adjustment for confounding, a link with future CTS persisted (adjusted OR = 1.68, 95 percent Cl: 1.29,2.18). 
Potential confounding by consultation behavior
The multivariate model in table 2 incorporated the two proxy measures of consultation frequency. The effect estimates shown for other variables in the model are thus assumed independent of "consultation proneness." Consultation for headache showed no link with future consultation for CTS, whereas there was an association between respiratory consultations and CTS. are age related (dysmenorrhea and amenorrhea as potential risks for CTS presenting before 50 years, and heavy periods for CTS onset at age 50 and above). Menopausal symptoms seem to influence onset only under age 50 years, suggesting early menopause as the risk, but these estimates are based on small numbers and have wide confidence intervals. There were no obvious contrasting patterns of age-related risk in relation to prior musculoskeletal diagnoses or other factors.
Age-specific effects
In the multivariate model in table 2, we show the associations with CTS stratified by age at onset. There were no statistical interactions with age, but there were some age-specific associations, although these must be interpreted with some caution, given the number of cells in the table as a whole. The pooled effect of former COC use among all women aged 40 years and above in the study population was 1.38 (95 percent Cl: 1.08, 1.76). Some menstrual disorder risks
DISCUSSION
Using a large general practice-based cohort study, we have investigated a number of risk factors in women diagnosed with CTS. There was a significant trend of increasing risk of CTS with lower social class (measured by husband's occupation), but not with cigarette smoking. Oral contraceptive use overall did not confer an increased risk of subsequent CTS, nor was consultation for a range of gynecologic problems significantly related to CTS overall. Previous consulta- • Reference category for all variables is women without the disorder, t OR, odds ratio; Cl, confidence interval. t Adjusted OR with 95% Cl gives the muitivariate odds ratios when controlling each of the specific musculoskeletal variables for the others.
tion for obesity was linked to CIS, but the strongest explained by a generalized propensity to consult a docrisk in this group of women was prior consultation for tor with symptoms, painful or otherwise. Nonanother musculoskeletal disorder. This could not be psychotic mental illness was not linked to CTS.
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A major advantage of the study was the availability of comprehensive consultation information on a large group of women. The prospective collection of the data avoided recall bias. There were several important limitations, however. All diagnoses made in the study, including that of CTS, were those reported by the general practitioners. Many women will have been diagnosed on the basis of symptoms alone, without neurophysiologic testing. Bias could occur if cases included non-CTS problems that were related to the various risk factors examined here. Distortion might also occur if the general practitioner were more likely to diagnose CTS because of prior knowledge of an earlier condition. However, given the poor understanding of the etiology of CTS, such diagnostic suspicion bias is unlikely to have contributed to our findings.
Frequent consulters in general practice have more opportunity to report hand and other symptoms, so associations may arise as a result of consultation behavior alone. However, adjustment for two proxy measures of consultation behavior (respiratory symptoms and headache) failed to explain many of the observed associations. Since consultation for respiratory symptoms was significantly more common in women who later presented with CTS, we conclude that there is an element of "consultation propensity" in the absolute incidence of CTS in this cohort. However, inclusion of respiratory consultation in the multivariate model means that risk estimates for other diagnoses were adjusted to account for this propensity.
Other evidence that diagnosed CTS consulters in this cohort do reflect the true incidence of CTS in women is found from comparison with other studies. The incidence density in our cohort was 2.3 per 1,000 woman-years of observation. This compares with 1.5 per 1,000 woman-years for cases referred to hospitals from a defined population in a Mayo Clinic report (12), 1.0 per 1,000 woman-years for hospital referrals from a defined population cohort in Britain (14), and 2.0 per 1,000 person-years in a register-based incidence study of worker cohorts in United States (3). Since primary care case ascertainment would be expected to exceed hospital referrals and numbers based on occupation-based registers, these figures are compatible with each other.
Current use of oral contraceptives was not associated with CTS at any age. This contrasts with other studies that have found a positive association between use of COC and CTS (13, 14) . Sabour and Fadel (13) found that current use of COCs increased the risk, but that within 1 month of stopping the Pill, the symptoms of CTS had disappeared. Vessey et al. (14) found that the longer a woman used COCs, the greater her chances were of developing CTS severe enough for hospital referral (14) . The hypothesis is that COCs exert their effects through fluid retention, causing pressure on the median nerve. It is difficult to reconcile such a mechanism with our observation that former users of COCs are those with the elevated risk of CTS and that the risk declines with duration of use. One possible explanation is that women who develop pain or neurologic symptoms in the upper limb while using oral contraceptives may have been advised by the family doctor to stop using them and that the actual CTS diagnosis was made at a later date, by which time the woman was a "former" user. If this happened soon after a woman started the oral contraceptive pill, it would lead to an apparent link of CTS with short duration former use, while continuing users would be "healthy survivors." However, our age-stratified analysis directly contradicts this explanation. Cases would be expected to cluster among younger women who have recently been on the oral contraceptive; in fact, there was no elevated risk in former users below age 40 years. The risk was concentrated among former users who subsequently developed CTS for the first time over age 40 years, including those whose onset was beyond age 50 years. Diagnostic bias is unlikely to account for this relation in former users, many of whom would have stopped using COCs years earlier. It is, however, difficult to explain why there should be such a delayed effect of pill use. The overall conclusion must be that the oral contraceptive pill does not contribute substantially to CTS risk in women.
CTS is common in pregnancy (17) (18) (19) , but normally resolves toward the end of pregnancy or postpartum (17, 25) . In our study, most women had completed their families, so we were unable to examine the effect of pregnancy directly. However, the association between parity and CTS would be consistent with long-term hormonal effects of pregnancy or with mechanisms associated with child rearing. We examined the association between CTS and gynecologic problems, especially menstrual abnormalities, as these may further reflect the influence of endogenous hormones. After adjustment for potential confounders, there was no clear elevation in risk in association with these. The exception was premenstrual tension, for which there was some suggestion of a link with later onset in older women in the cohort. An earlier study found a relation between CTS and menstrual irregularity (14) , as did ours prior to adjustment for confounding. Fluid retention is the suggested mechanism, but our data suggest that the relation may be weaker than previously thought and may be partly explained by confounding by other factors.
Data on anthropomorphic features that have been found to be important in other studies (26) (27) (28) were Am J Epidemiol Vol. 151, No. 6, 2000 not available. However, more than 10 percent of the cohort had consulted about obesity, and such consultation was a predictor of subsequent CTS, which persisted after adjustment and across age groups. Mechanical or metabolic effects of obesity may be responsible.
The clearest finding, unaffected by age and persisting after adjustment for confounding, was that other musculoskeletal problems were associated with the subsequent onset of CTS. Several other studies have found that osteoarthritis is more common in individuals with CTS (14, 29, 30) . There is a growing body of literature on the comorbidity of musculoskeletal problems, and the clustering of such syndromes is one of their most consistent features. One explanation has been a common link with psychologic factors, a link that may be stronger in women (31), but our study has found no evidence for an association between mental illness and CTS. Another possible explanation is the presence of a mechanical problem in the neck that contributes to the etiology of multiple disorders in the upper limbs (32) . The strength of the associations observed for tennis elbow and spinal osteoarthritis support this idea. However, the evidence is inconclusive because neck pain was a relatively infrequent reason for consultation in this cohort and "cervical spondylosis" was recorded under "spinal osteoarthritis." Alternatively, the musculoskeletal problem may modify the woman's use of her hand and arm, resulting in the onset of CTS. Local mechanical factors would also explain the link with arm fracture.
There is contradictory evidence that systemic inflammatory conditions are related to the development of CTS (32) (33) (34) . There were too few women in our study with rheumatoid arthritis, for example, to examine this possibility. CTS has often been reported to occur secondarily to diabetes (11, 20, 33) as one of its neuropathic complications, and myxoedema is also said to be commonly associated with CTS (8, 10), possibly because of swelling of the contents of the carpal canal causing median nerve compression (17) . Although based on small numbers, our communitybased findings confirm these reports, but indicate that population-attributable risk is low.
Two studies have described CTS in patients receiving lithium for manic depressive illness (35, 36) . In our study, there was no evidence of a relation with psychotic illness. Studies on the effects of smoking have been contradictory. Our findings support one earlier study that reported no risk (10) , but contradict two that suggested an elevated risk (14, 37) . We were also unable to confirm earlier reports of positive associations between gastrointestinal symptoms and irritable bowel syndrome and CTS (14) .
In conclusion, hormonal factors, both endogenous and exogenous, may account for some of the differences in the frequency of CTS between men and women, including past use of the Pill in older women and obesity. However, major issues that require further research are the nature of the link between CTS and other musculoskeletal syndromes, the unique aspects of this link in women, and how this link relates to the generally higher frequencies of most nonsystemic rheumatologic syndromes in women.
